I
nfants who are born prematurely with very low birth weight (VLBW, birth weight <1,500 g) account for 1.5% of all live births and more than 40% of all neonatal deaths. 1, 2 The surviving preterm infants are at a high risk of neonatal morbidities and lifelong neurodevelopmental disorders. 3, 4 Because the early years constitute a critical period for influencing children's behavior, interventions aimed to provide a developmentally appropriate early environment are important for preterm infants in their first years of life.
The framework of family-centered care is increasingly used to construct early interventions for preterm infants in Western countries to enhance their developmental outcomes. Family-centered care is based on the assumptions that parents know what is best for their babies, families are unique, and infants are affected by the stress and coping of their family. 5 Four principles used for guiding the design of family-centered interventions include (1) treating infants and their family members with dignity and respect, (2) communicating and sharing information with parents and their families in ways that are affirming and useful, (3) building on parents' and families' strengths by participating in experiences that enhance feelings of control and independence, and (4) delivering the intervention with collaboration among parents, families and health care providers. 6 Meta-analyses showed that early intervention that incorporated with family-centered care in the neonatal intensive care unit (NICU) reduced the risk of neonatal morbidities, including prolonged oxygen use and moderate to severe bronchopulmonary dysplasia (BPD), and favored developmental outcomes in preterm infants until 12 months of corrected age. 7 Some studies demonstrated a positive effect of family-centered interventions on feeding and weight gain, [8] [9] [10] [11] whereas others showed no benefit. [12] [13] [14] [15] [16] Interventions performed after hospital discharge yield a small to moderate benefit on the cognitive outcome in preterm infants through preschool age; however, the developmental effect waned by 5 years of age and the results are statistically nonsignificant by school age. 17 Differences between Eastern and Western societies in parenting customs, family structures, and health care systems may lead to different results. For example, new mothers are commonly confined at home or a postpartum care center for 1 month after delivery for recuperation in Taiwan; grandparents often play the primary caregivers when infants are at early months of age in Taiwan. Further investigation is needed to determine whether family-centered interventions are clinically feasible and the intervention effects remain valid for preterm infants in Eastern societies.
To elucidate the effectiveness of early interventions in culturally different contexts, we designed clinic-based and home-based intervention programs for VLBW preterm infants in Taiwan that contained identical child-, parent-, and dyad-focused services from the NICU to 12 months corrected age and were, respectively, delivered at clinic or at home after discharge. [18] [19] [20] With respect to usual care, both programs reduced the risk of feeding desaturation and retinopathy and enhanced weight gain at term age, 18 followed by differential effects with the clinic-based intervention program favoring the child's cognitive and motor outcomes and the home-based intervention program benefiting the child's emotional regulation and behavioral outcome at 2 years of corrected age. 19, 20 These results imply that incorporation of both clinic-and home-based interventions might achieve optimal outcomes for preterm infants in Taiwan.
To better reflect the developmental needs of VLBW preterm infants in Taiwan and to encourage more parental involvement in intervention activities, we revised our previous programs into a family-centered intervention program (FCIP) in the following aspects. The clinic-and home-based services were combined to form complementary after-discharge interventions; more dyadic interactive activities were added in interventions to increase parents' experience and competence of interaction; strategies of parental adherence to intervention were developed to encourage parents' involvement in interventions; and education materials were revised to enhance the readability by parents. This multicentered, randomized controlled study was therefore aimed to examine the short-term effect of the FCIP on the medical outcome and neurobehavioral performance in VLBW preterm infants in Taiwan during the neonatal period compared to a usual care program (UCP). The relations of parental adherence to intervention with outcome measures were also explored in the FCIP group.
Methods

Participants
This was a multicentered, single-blind, randomized controlled trial that enrolled VLBW preterm infants who were born at or admitted to 3 medical centers in northern and southern Taiwan, National Taiwan University Hospital (NTUH), MacKay Memorial Hospital (MMH), and National Cheng Kung University Hospital (NCKUH), during the period of May 2012 to November 2014 ( Fig.) . The selection criteria included infants with a birth weight <1,500 grams and gestational age <37 weeks without congenital abnormalities or severe perinatal and neonatal diseases (ie, seizures, hydrocephalus, ventriculoperitoneal shunt, meningitis, periventricular leukomalacia, grades III-IV intraventricular hemorrhage, stages IV-V retinopathy of prematurity, necrotizing enterocolitis grades II-III, and severe cardiopulmonary disease); additionally, admission to the study hospitals had to occur within 7 days of life, and the infant had to be a singleton or the first child of twin or multiple births for consistency. Infants exhibiting persistently unstable physiological conditions at 36 weeks postmenstrual age or older, hospitalization or oxygen use >0.1 l/min at 44 weeks postmenstrual age, or severe brain damage during the experimental period were excluded from the study due to a need for more medical intervention. Infants with mothers younger than 18 years of age, parents who were of non-Taiwanese nationality, maternal substance abuse (alcohol or drug), parents who were not married or living together at delivery, or family residing out of the counties were also excluded because of the need for social and financial support. 
Recruitment Procedure and Randomization
This study was approved by the Research Ethics Committee of the study hospitals and has been registered with the number NCT01807533 (https://clinicaltrials.gov/). There was no deviation from the original protocol. All parents of eligible infants were contacted for participation in the study when their babies approached 32-36 weeks postmenstrual age. After parental consent was obtained, infants were randomly allocated into the FCIP and UCP according to a computer-generated random sequence stratified by hospital, gender, gestational age (≤30 vs >30 weeks), and maternal education level (high school or below vs college or above). 21 The sequence was concealed in a locked file from the research assistants who were in charge of participant recruitment, and the code was only accessible for the supervisor who monitored the trial.
Because the FCIP and UCP contained similar topics of intervention in the NICU but differed in the number of sessions involved with parents (Tab. 1), the neonatologists, nursing staff, and outcome assessors were blinded to infant group and parental education sessions. The intervention providers and parents were not blinded to group allocations.
Sample Size Estimation
We estimated the sample size based on the primary outcome according to the following equations:
where SD was the pooled standard deviation, d was the difference between mean values, P was the pooled prevalence, and P1-P2 was the difference in the proportion of events in 2 groups. 22 The developmental outcome data of previous intervention studies including the neurobehavioral score during the neonatal period (means = 19.5 vs 29.9; pooled SD = 13.9; effect size = 0.75), 10 the cognitive composite score at 24 months (means = 100.4 vs 96.0; pooled SD = 8.7; effect size = 0.50), 19 and the rate of motor delay at 24 months (proportion = 8% vs 23%; pooled prevalence = 15.5%; odds ratio = 0.30) 19 were used to calculate the sample size with a statistical power of 80% (Zβ = 0.84), alpha level of 0.05 (Zα/2 = 1.96), and attrition rate of 20%. The estimation showed that 35, 78, and 115 infants were required in each group for the neonatal neurobehavioral outcome, 24-month cognitive outcome, and 24-month motor outcome, respectively.
Intervention and Usual Care
The FCIP and UCP groups received intervention services and standard developmental care, respectively, from consent until 12 months corrected age (Tab. 1). Infants began intervention when their physiological statuses achieved stability, which usually corresponded to 32-34 weeks postmenstrual age. Both groups attended scheduled follow-up clinic visits with neonatologists at term, 1, 2, 4, 6, 9, and 12 months corrected age for health surveillance, immunization, growth assessment, nutrition consultation, and clinical referrals, if necessary.
The FCIP group received in-NICU (5 sessions) and after-discharge interventions (4 clinic visits and 3 home visits). In-NICU and after-discharge interventions in the FCIP were respectively guided by the synactive theory 23 and the biosocial developmental theory, 24 with each incorporating the principles of family-centered care. The synactive theory emphasizes modulations of early environment in the NICU and at home to minimize the adverse impacts and to promote neurodevelopmental functions in preterm infants. 23 The proposition of biosocial developmental theory is that infants' current neurobiological and behavioral status is influenced by their genotypes, prenatal environment, familial supports and stressors, and the practice in sociocultural and local communities. 24 In-NICU interventions for the FCIP group employed structured courses that each session contained several of the 7 topics: (1) NICU environmental modulation (session I), (2) feeding support (session II), (3) massage (session III), (4) dyadic interaction activities (session III), (5) child developmental skills (session IV), (6) parental support and education (sessions I-V), and (7) transition home preparation (session V) (Tab. 1). Modulations of the NICU environment included energy conservation, alteration of the physical environment, positioning, and clustered care. Feeding support included oral stimulation, oral support, and nonnutritive sucking training. Massage was first performed with slow and firm tactile stimulation on infant's trunk and extremities when covered by a towel, followed by skin-to-skin contact of infant's whole body. Dyadic interaction activities focused on demonstrating to the parent how to observe infant's behavioral cues and respond with positive feedback such as elaborating, engaging, imitating, acknowledging, and actively involved behavior. Child development skills were aimed for achieving age-appropriate motor, cognition, language, social, and emotional capabilities. Parental support and education encouraged and supported the parents by providing informational, instrumental, social, and emotional assistance based on the perceived needs of the parents. The preparation of NICU-to-home transition for parents consisted of preparing sufficient items for the baby, reducing infection and allergy, and maintaining environmental conditions. The FCIP emphasized early involvement and collaborative care for parents in the child-, parent-, and dyad-focused services in the NICU that they were required to attend all the intervention sessions prior to discharge. After-discharge interventions employed structured courses that contained the following topics: home environmental modulation (only in the The UCP group received in-NICU interventions (5 sessions) and after-discharge phone calls (7 times). In-NICU interventions in the UCP were based on the synactive theory and contained similar components as those of the FCIP group that the services were delivered by the physical therapists and nurses at study hospitals. Parents were asked to participate in at least 1 session prior to discharge. Parental telephone calls were made by a research assistant after discharge for consultation on general care issues on the same schedule as neonatal visits. The procedure of phone calls was as follows: informing the parent regarding the purposes of consultation, inquiring the parent if there were any difficulties in infant care, responding to parental concerns, and making referrals if necessary. The 3 most frequently mentioned concerns were: failure to fall asleep at night, insufficient sucking power in feeding, and rash around the mouth and eyes. Each phone call lasted for at least 10 minutes. A booklet containing the general information of perinatal diseases, milestones, and principles of baby care was provided to the UCP group parents for reference.
Parental Adherence to Intervention
Three strategies were developed in this study to facilitate parental adherence to intervention in the FCIP group throughout the experimental period. First, assessment of parental motivation by the intervention provider on their punctuality, patience, dedication, proactivity, and gentleness during each intervention session, with each domain scored as 1 (satisfactory) or 0 (unsatisfactory). The total score of parental motivation in each session ranged from 0 (poorly motivated) to 5 (highly motivated). Second, 2 to 5 age-appropriate goals were set for each intervention session that were assessed by the intervention providers and parent if attained or not. For example, the goals for predischarge were (1) understanding the baby's signs, (2) joyful interacting with the baby for 5-10 min, (3) safely and appropriately performing baby exercises, and (4) learning feeding skills; the goals for 40 weeks postmenstrual age were readiness of home environment and skillful feeding. Goal attainment was graded as 1 if all goals were met and 0 if goals were partially or not met. Finally, parents were required to record home activities weekly after discharge regarding the frequency (days/week), duration (minutes/day), and comprehensiveness of home programs implemented at home (percent of items recommended).
Modifications of Intervention
For the few infants whose parent could not comply to clinic visits for intervention at 1, 2, 4, and 9 months, the location of intervention delivery may be modified to home. Vice versa, for the few infants whose parent could not comply to home visits for intervention at term, 6, and 12 months, the location of intervention delivery may be modified to clinic. For some infants who failed to attain the intervention goals, the goals were assessed again in the following session and the interventions were revised to include both performance-and age-appropriate developmental skills.
Outcome Measures
Infants were examined for the primary outcome of neurodevelopment and secondary outcomes of morbidity, feeding, growth, and neurophysiological function at term, 6, 12, and 24 months of corrected age. This study reported the short-term intervention effect during the neonatal period only.
The morbidity, feeding, and growth data were obtained from the chart review. Morbidities included respiratory-related measures and hospitalization; feeding measures included the time when starting enteral feeding and achieving full enteral feeding, and desaturation events; growth measures included daily weight gain from 36 to 40 weeks postmenstrual age and weight/normalized weight (z) at term.
The infants' neurobehavioral performances were assessed using the Neonatal Neurobehavioral Examination-Chinese version (NNE-C) 25 at the bedside when they remained in the hospital and in the neonatal clinic room when they were already discharged home. The NNE-C consists of tone and motor patterns, primitive reflexes, and behavioral responses, and each subscale contains 9 items scored on a 3-point scale. The examiners achieved inter-rater reliability with an agreement >0.9 before study participation.
Statistical Analysis
Basic infant and parent data were compared between the FCIP and UCP groups using the chi-square tests for categorical variables and t tests for continuous variables. The intervention effect on the outcome measures was examined using linear regression analysis for continuous variables and logistic regression analysis for categorical variables. Although a few parents requested to change group allocation before the initiation of intervention because of personal preference and time constraint (1 in the FCIP and 3 in the UCP), all data were analyzed according to the original group allocation. The relations between parental adherence to intervention and outcomes in the FCIP group were examined using the Pearson correlation analysis (r) for continuous variables and the point-biserial correlation analysis (r pb ) for dichotomous variables. All statistical analyses in this study were performed using Statistical Analysis Software (SAS) (version 9.2, SAS Institute Inc, Cary, NC), with an alpha level set at 0.05.
Role of the Funding Source
All study phases were supported by the National Health Research Institute in Taiwan (grant no. NHRI-EX105-10106PI). The funder monitored research expenses and progress on a
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Results
Participating Subjects
Of the 269 VLBW preterm infants participating in the study, 18 who did not receive any intervention because they dropped out, expired, or had early termination were not included in the final analysis ( Fig.) . The FCIP (n = 122) and UCP groups (n = 129) were comparable in all infant and parental characteristics (Tab. 2). The FCIP-and UCP-group infants were mostly compliant with the 5-session interventions during hospitalization (4.9 ± 0.5 and 4.7 ± 0.7 sessions, respectively). The FCIP-group mothers frequently attended the in-NICU sessions (4.7 ± 0.7 sessions); the UCP-group mothers attended at least 1 in-NICU intervention session (2.0 ± 
Neonatal Morbidity, Feeding, and Growth
The FCIP-group infants were significantly younger when they achieved full enteral feeding (β = -1.1 weeks, 95% CI = -1.9 to -0.2 weeks, P = .02) and at hospital discharge than the UCP-group infants (β = -.6 week, 95% CI = -1.1 to -0.1 weeks, P = .03) (Tab. 3). Furthermore, the FCIP-group infants exhibited significantly higher daily weight gain from 36 to 40 weeks postmenstrual age (β = 3.3 g/day, 95% CI = 0.1 to 6.6 g/day, P = .04), but they a Data are presented as number (percentage) unless otherwise indicated. FCIP = family-centered intervention program, MMH = MacKay Memorial Hospital, NCKUH = National Cheng Kung University Hospital, NTUH = National Taiwan University Hospital, UCP = usual care program. b A higher score indicated a higher neurobiological risk for outcome prediction. 38 c Low family income was defined as a family income below 25% of the norm according to a national survey of Taiwan families in 2013. 39 did not differ in weight or normalized weight at term age from the UCP-group infants.
Neonatal Neurobehavioral Performance
Seven infants (FCIP: n = 2; UCP: n = 5) did not undergo neurobehavioral assessment at term age because the infants received nasal continuous positive airway pressure during the hospital stay or because of parental inconvenience for follow-up ( Fig.) . One FCIP-group infant returned but was crying and did not complete the assessment. The FCIP-group infants showed significantly better tone and motor patterns (β = .6 point, 95% CI = 0.1 to 1.1 points, P = .01) and total neurobehavioral performance (β = 1.2 points, 95% CI = 0.2 to 2.3 points, P = .03) than the UCP-group infants at term age.
Parental Adherence to Intervention and Its Relation with Outcomes
The measures of parental adherence to intervention and their relations with significant outcomes at 40 weeks postmenstrual age (ie, growth and neurobehavioral function) in the FCIP group (N = 122) are presented in Table 4 . Parental motivation was high in hospitalization (4.5 ± 0.6 points) and at 40 weeks postmenstrual age (4.4 ± 0.6 points). The intervention goals were fully met in all infants prior to discharge and in 92 infants (75.4%) at 40 weeks postmenstrual age. During the period from discharge to 40 weeks postmenstrual age, parents spent an average of 4.2 days per week and 35.4 minutes per day implementing 79.9% of home activity items as recommended by the intervention providers. The home activities from discharge to 40 weeks of postmenstrual age were conducted by both mother and father in 47 infants, by mother alone in 51 infants, and by another family member in 24 infants.
Parental motivation in hospitalization was found to have positive associations with the tone and motor patterns scores (r = .21, P = .02) and the total neurobehavioral scores at term age (r = .28, P = .002). Full goal attainment was correlated with greater neonatal weight gain (r pb = .31, P < .001). Furthermore, Normalized weight at term, z -0.8 ± 1.5 -1.1 ± 1. c Intervention effects on outcome measures were assessed using linear regression analysis for continuous variables (β coefficients) and logistic regression analysis for categorical variables (odds ratios). d P < .05. e There were 121 infants who performed the Neurobehavioral Examination-Chinese version (NNE-C) assessment at 40 weeks; however, 1 infant did not accomplish the assessment because of prolonged crying. See figure. comprehensiveness of home intervention activities had a positive association with the tone and motor patterns scores (r = .21, P = .04).
Discussion
Family-centered Intervention Favored Neonatal Medical Outcomes
This multisite, randomized controlled trial provided evidence to support the hypothesis that family-centered care in the NICU enhanced the medical outcomes and neurobehavioral performance in VLBW preterm infants during the neonatal period. The FCIP was beneficial in achieving earlier full enteral feeding, greater daily weight gain, and younger age of hospital discharge in VLBW preterm infants compared to the UCP. Our results are in agreement with the Newborn Individualized Developmental Care and Assessment Program (NIDCAP) findings for American preterm infants [8] [9] [10] and our prior in-NICU intervention program for Taiwanese preterm infants. 18 The favorable effects of the FCIP may be from the emphasis of early parental involvement in environmental modulation, feeding support, massage, and physical activities during hospital visits. Feeding support has been found to improve sucking pressure, daily milk ingestion, transition to total oral feeding, and weight gain in preterm infants. 26, 27 Massage enhances weight gain in preterm infants via mechanisms of decreased energy expenditure 28 and increased bone mineralization. 29 Physical activities improved the metabolic efficiency and enhanced the weight gain in an animal study. 30 Both earlier full enteral feeding and greater weight gain could facilitate earlier transition from the hospital to home care in VLBW preterm infants.
The failure of the FCIP to impact neonatal respiratory-related morbidities in VLBW preterm infants contrasts with the results of NIDCAP, 8, 10, 13, 31, 32 Stockholm Neonatal Family Centered Care 33 and our prior in-NICU intervention program, 18 which showed a reduced duration of supplemental oxygen and prevalence of feeding desaturation, BPD and retinopathy of prematurity. The discrepancy might relate, in part, to the inclusion of a higher proportion of preterm infants with intrauterine growth status as small for gestational age (defined as a birth weight <10% of nationwide singleton birth weight by gestational age in Taiwan) 34 in this study compared to those in previous studies (44.3%-48.8% vs 15.8%-35.8%). 18, 33 Rats born with fetal growth restriction produced by impairment of fetal nutrition and oxygenation demonstrated persisting or deteriorating abnormalities of the structure and function in both the airway and parenchyma. 35, 36 However, the impact of fetal growth restriction on the respiratory function in preterm infants was found to vary from an increased, decreased, or equivocal effect, which was probably determined by the duration and nature (ie, maternal, fetal, placental, and socioenvironmental factors) of the insult. 36 Although the intra-uterine growth status yielded no differential intervention effects on the respiratory outcomes in this study, more research is needed to understand the changes in the pulmonary structure and function of preterm infants who are small for gestational age and their respiratory responses to developmental intervention in the NICU.
Family-centered Intervention Promoted Neonatal Neurobehavioral Performance
The FCIP favored the overall neurobehavioral performance in VLBW preterm infants at term age. In contrast to our previous in-NICU intervention where there was no short-term developmental benefit, 18 the positive effect of FCIP might be attributed to the emphasis of early parental involvement in intervention and the use of strategies to enhance parental adherence to intervention. Despite the 2 programs in this study containing similar content in in-NICU interventions, the FCIP-group parents attended more intervention sessions in hospitalization and were more compliant to after-discharge intervention than the UCP-group parents. The FCIP-group parents were additionally required to score their infants' goal attainment in each intervention session and to record home activities weekly that may enhance their adherence and competence of intervention. Moreover, the experimental infants were discharged from the hospital at a younger age, allowing for a longer period of family care in the home environment prior to term, which may further facilitate their neurobehavioral development. Although neonatal neurodevelopment predicts motor development at 18 months in preterm infants, 37 a follow-up study is currently underway to determine the long-term developmental effect of the FCIP.
Parental Adherence to Intervention Enhanced Outcomes
This study was the first to explore the role of parental adherence to intervention in family-centered care for preterm infants. Among the FCIP group, a higher degree of parental motivation in the interventions at the NICU followed by implementation of more comprehensive home activities from discharge to 40 weeks postmenstrual age was associated with better tone and motor patterns and total neurobehavioral performance at 40 weeks postmenstrual age. In contrast, full attainment of intervention goals was associated with greater weight gain but had no relation with neurobehavioral performance. This might be due in part to the goals set at 40 weeks postmenstrual age (ie, readiness of home environment and skillful feeding) that were more nutrition-specific. Our findings suggest, therefore, that parental involvement and engagement in intervention is crucial in achieving better neonatal outcomes in neurodevelopment and growth in preterm infants. These strategies may be considered in future launching of family-centered care in preterm infants to facilitate parental adherence to intervention.
Cultural Aspects of Familycentered Intervention in an Eastern Society
The FCIP was found to be clinically feasible and culturally valid for preterm infants and their family in Taiwan. Some principles of family-centered care, such as collaboration in intervention, are aligned with the core values of Taiwanese culture that emphasize collaborative work among family members in managing crisis. However, the inquiry of parental participation and engagement in in-NICU interventions might be in direct conflict with our local custom of 1-month maternal confinement after delivery for recuperation. Despite a common practice of confining new mothers at home or a postpartum care center, the mothers frequently participated with the fathers in both in-NICU interventions and first home visit in this study. Our promotion of parental involvement in baby care together with the accessibility of medical services and the financial support by national health insurance program in Taiwan may contribute to the high parental attendance and adherence to intervention that helped facilitate the intervention effect in this study. Furthermore, a large proportion of mothers would return to work after the postpartum period and their role of primary caregiver may then be shifted to the grandparent or babysitter. The requirement of parental involvement in after-discharge family-centered care until 12 months of age becomes a challenge. Whether parental adherence to intervention remains high and continues to impact the neurodevelopmental outcome in preterm infants in Taiwan requires further investigation.
Recommendations for Clinical Practice
The FCIP containing the tenets of child-, parent-, and dyad-focused services based on the principles of family-centered care may be incorporated in early intervention and practice guideline for preterm infants in Taiwan. Early intervention providers may apply the strategies (ie, setting age-appropriate goals for each intervention session and weekly recording of home activities) to enhance parental engagement in interventions that help achieve better outcome in preterm infants.
Limitations
The preterm infants examined in the study had no major perinatal events; as a result, the findings may not be generalized to those sustaining severe perinatal diseases. Furthermore, a number of parents refused to participate in this study because of having difficulty in committing to intensive intervention. The participating parents may represent those who had high interest in intervention. Finally, this study lacked explicit information on the families on how the interventions may or may not have caused some conflict with cultural customs for child rearing.
Conclusions
The results of this study demonstrated short-term effects of the FCIP in promoting feeding, weight gain, hospital discharge, and neurobehavioral performance in VLBW preterm infants in Taiwan during the neonatal period. Long-term follow-up of the developmental outcomes in these infants is currently underway to determine if the intervention effects persist into childhood.
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